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Summary. Studies were conducted to determine damage potential of Meloidogyne graminicola on the commonly 
grown rice cv. Sugandh-5 and to devise an effective management strategy. The nematicides were applied through 
root-dip (200 ppm solution) and soil application of 2 kg ha-1 phorate 10G (25 mg a.i./pot), carbofuran 3G (83.3 
mg a.i./pot and 1 L ha-1), carbosulfan 20EC (5µL/pot) and chlorpyriphos 20 EC (6.25 µL/pot)  in both nematode 
infested and non-infested soil with five modes of application viz., root-dip, single soil application (15 days after 
transplanting), root-dip + one soil application, two soil applications, and root-dip + two soil applications (15 and 30 
days). Application of nematicides did not cause any toxicity symptoms on rice plants. In nematode infested soil, ter-
minal and spiral galls developed on the rice roots, and plants suffered 20−31% decrease in the plant growth param-
eters. Carbofuran and phorate through root-dip plus single soil application provided greatest suppression in galling 
(16−20%), egg mass production (18−22%) and soil population (27.5−58.2%) of M. graminicola, and subsequently 
increased all the plant growth variables by 9−19%. Root-dip + two soil applications increased  plant growth and 
suppressed nematodes, but was equal to root dip + one soil application. Root-dip treatment alone with carbosulfan 
also significantly suppressed root galling (10−12%) and improved the dry weight of roots and shoots (7−10%).
Key words: chemical control, phorate, carbofuran, carbosulfan, chlorpyriphos, 
Introduction
Rice root-knot nematode, Meloidogyne graminico-
la, is an emerging threat to rice cultivation in various 
rice growing regions of South East Asia where rice is 
extensively cultivated (Gaur and Pankaj, 2010). In In-
dia, this nematode is one of the major constraints to 
decreasing rice production, with 16−32% yield loss 
reported due to the pathogen (Biswas and Rao, 1971; 
Rao and Biswas, 1973) in upland, rain fed lowland 
rice (Jairajpuri and Baqri, 1991; Prot et al., 1994b) and 
irrigated rice (Netscher and Erlan, 1993; Prot et al., 
1994a; Prot and Matias, 1995). Yield losses due to the 
nematode are greater under flooded conditions than 
in upland rice (Kinh et al., 1982; Prot et al., 1994a; Prot 
and Matias, 1995).
There are various methods available for the 
management of rice root-knot nematode including 
fallowing, flooding, deep ploughing, biological con-
trol and nematicide application. Despite concern 
about the use of chemical pesticides throughout 
the world, due to adverse effects on the ecosystem 
(Haq et al., 1990), chemical pesticides are still the 
most effective means of management of nematodes 
in the rice ecosystem (Prasad et al., 2010). The pes-
ticides are preferred by farmers as they give instant 
results while other disease management practices 
only begin to give visible impact after considerable 
periods. 
Nematicides can act by contact and/or systemic 
action. They can be applied through different modes 
such as soil application (Jain and Bhatti, 1988), seed 
treatment (Jain and Gupta, 1990), bare root-dip treat-
ment (Venkatarao et al., 1987; Jain and Bhatti, 1988) 
and nursery bed treatment (Jain and Gupta, 1990). A 
few nematicides can also be applied as foliar sprays 
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as they show basipetal systemic movement in plants 
(Johnson, 1995). 
Application of carbofuran in rice fields effectively 
controlled M. graminicola (Rahman, 1991; Soriano and 
Reversat, 2003). Increase in the nematode population 
was suppressed in fields planted with seedlings from 
nurseries treated with carbofuran at 1 kg a.i. ha-1 
(Prasad et al., 2006). Carbosulfan and chlorpyriphos 
at the concentrations of 0.1 and 0.2%, respectively, 
when applied as seedling root-dip treatments for 6 h, 
were found effective against rice root-knot nematode 
in a greenhouse experiment, and increased the rice 
growth and reduced galling and final soil population 
of the nematode (Deka et al., 2002). Carbosulfan has 
been found effective in reducing the galls and egg 
masses, and improved yield (Mohanty et al., 2000). 
Seedlings grown from the carbosulfan-treated seeds 
had fewer galls and egg masses per root system, and 
the treatment reduced the nematode population up 
to 82% (Rahman and Das, 1994). Carbofuran, phor-
ate and carbosulfan  reduced galling when applied 
at the rate of 1 kg a.i. ha-1 or more, and the greatest 
reduction in galling (82%) was recorded with carbo-
sulfan and phorate (Prasad and Rao 1976, 1977).
It has been generally found that a single treat-
ment of nematicide does not provide reliable control 
of root-knot nematode in rice, because the applied 
chemical gets quickly diluted under flooded condi-
tions (Khan and Jairajpuri, 2010; Prasad et al., 2010). 
Hence, the present study was conducted to evalu-
ate the effectiveness of different combinations of 
root-dip and soil application treatments of phorate, 
carbofuran, carbosulfan, and chlorpyriphos against 
root-knot of rice caused by M. graminicola. Effects 
of these nematicides were also examined on plant 
growth, biomass production, and soil second-stage 
juveniles (J2) population density of the nematode.
Materials and methods
Collection of infested soil and identification of the 
nematode
Rice fields in the village Mahwala of Tehsil Iglas, 
Aligarh (Uttar Pradesh, India) were surveyed dur-
ing July 2009 and 2010, and plants showing symp-
toms of root-knot nematode infection were collected 
and brought to the laboratory. Ten females were ex-
cised from the galled tissue, and their perineal pat-
terns were prepared and observed microscopically 
for identification of Meloidogyne species. Temporary 
slides of J2 isolated from root zone soil of infected 
plants were prepared and morphometric measure-
ments were taken. The nematodes were identified as 
M. graminicola (Golden and Birchfield, 1968) on the 
basis of perineal pattern (Yik and Birchfield, 1979) 
and J2 morphological characteristics (Barker et al., 
1985; Handoo et al., 2004). 
Approximately 200−300 kg of soil (light sandy 
loam) was collected from patches in the fields where 
rice plants showing severe root galling and shoot 
yellowing occurred. The soil was thoroughly ho-
mogenized and ten samples each of 500−600g were 
processed separately using Cobb’s decanting and 
sieving method followed by the Baermann funnel 
technique (Southey, 1986), to estimate the nematode 
population in each sample. The nematode suspen-
sion recovered from the Baermann’s funnel was 
taken into a beaker and J2 with hyaline tails, identi-
fied on the basis of morphological characters, were 
counted in a counting dish under a stereomicroscope 
(Handoo et al., 2004). Although other nematodes 
were also present, including Cephalenchus, Rotylen-
chus, Tylenchorhynchus, Hoplolaimus and Xiphinema 
spp. , their population was 31−57 juveniles kg-1 soil. 
Since these levels were too low to cause any visible 
damage to rice crops, their presence was ignored. 
The average number of M. graminicola J2 kg-1 soil was 
estimated to be 971−1089. Therefore, in the present 
trials we considered the initial M. graminicola pop-
ulation density as 1000 J2 kg-1 soil. This population 
has been found to cause severe galling on rice (Plow-
right and Bridge, 1990). For non-infested treatments, 
soil from the same fields was collected irrespective 
of plants showing root-knot nematode symptoms. 
This soil was later autoclaved to make it fully free 
from nematodes. Nematode population was also es-
timated in the non-infested soil before autoclaving; 
this soil contained a heterogeneous population of 
347−816 juveniles kg-1 soil.
Rice nursery
Certified seeds of rice, Oryza sativa L., cv. Sug-
andh-5 were procured from an authorized dealer 
in Aligarh. This cultivar is widely cultivated in the 
Northern India and has been found to be very sus-
ceptible to M. graminicola (Khan and Anwer, 2011). 
The seeds were soaked in water for 12 h, placed in 
a clean, moist bag and kept in shade for another 12 
Phytopathologia Mediterranea300
M.R. Khan et al.
h. Thereafter, the seeds were sown in 25 cm diam-
eter earthen pots with 2 kg autoclaved soil (four 
parts sandy loam plus one part farmyard manure). 
The pots were watered daily. The seedlings reached 
transplanting stage (four leaves and height 12−15 
cm) in 5 weeks.
Nematicides
The chemical nematicides carbofuran (Tata Hol-
set, India), phorate (Ambuja Agrochem, India), car-
bosulfan (FMC, India) and chlorpyriphos (Century, 
India) were procured from an authorized pesticide 
dealer in Aligarh.
Inoculum level and nematicide doses
For root-dip treatment, seedlings of rice cv. Sug-
andh-5 were dipped in 200 ppm solution of phor-
ate, carbofuran, carbosulfan or chlorpyriphos for 3 h 
before transplanting. For soil application in pots, the 
dose of nematicides was (per pot): 25 mg phorate 
10G (equivalent to 2 kg a.i. ha-1); 83.3 mg carbofuran 
3G (2 kg a.i. ha-1); 5 µL carbosulfan 20 EC (1 L a.i. ha-
1); and 6.25 µL chlorpyriphos 20 EC (1 L a.i. ha).
Treatments and plant culture
To study the effect of the nematicides on plant 
growth, biomass production, and root-knot disease 
caused by M. graminicola, five treatment modules 
were given the following treatments: root-dip to 
transplant; soil application 15 days after transplant-
ing; root-dip + soil application 15 days after trans-
planting; two soil applications at 15 and 30 days after 
transplanting; or root-dip + two soil applications at 
15 and 30 days after transplanting. Each nematicide 
treatment was applied to two sets of pots, one con-
taining soil infested with M. graminicola (1000 J2/pot) 
and the other containing autoclaved (non-infested) 
soil. For each treatment, 15 replicates were main-
tained in a completely randomized experimental 
design.
Earthen pots of 15 cm diameter were each filled 
with 1 kg M. graminicola infested soil or non-in-
fested soil and 250 g autoclaved farmyard manure 
(FYM). The pots having non-infested soil plus FYM 
were autoclaved at 15 kg cm-2 pressure at 121°C 
for 15−20 minutes. Seedlings of rice cv. Sugandh-5 
were transplanted at the centre of the pots and the 
nematicide treatments (above) were applied. The 
pots with seedlings (without treatments) grown in 
infested and non-infested (autoclaved) soil served as 
experimental controls. Seedlings were watered im-
mediately after transplanting and were then watered 
on alternate days until harvest. Twenty pots were 
maintained for each treatment which were arranged 
in a completely randomized experimental design. 
Plants were grown for 4 months. Weeds, if any, were 
removed manually at 15 d intervals. During the ex-
perimental period, plants were regularly observed 
for any visible symptom attributable to the infec-
tion of M. graminicola or application of nematicides. 
At harvest (4 months after transplanting), pots were 
flooded with water to achieve maximum root recov-
ery, and the parameters of length and dry weight of 
root and shoot, root-knot nematode symptoms and 
soil population of root-knot nematode J2 were deter-
mined for each plant.
Root-knot index
At harvest, roots of each plant were examined 
to count galls and egg masses.The egg masses of 
M. graminicola do not develop on root surfaces, but 
rather remain embedded in root tissues. Hence, they 
were counted by tearing the galls under stereomi-
croscope. In addition, ten mature females from the 
galled tissue were excised. Perineal patterns of the 
females were prepared and examined to ensure that 
the galls were formed by M. graminicola.
Soil populations of Meloidogyne graminicola
Population density of M. graminicola J2 in soil was 
estimated monthly, i.e. 1, 2, 3, or 4 (harvest) months 
after transplanting. At each month, population den-
sity was estimated from fivepots of the 20 pots ini-
tially maintained for each treatment. The soil in each 
pot was mixed and 500 g was processed separately 
for nematode isolation using Cobb’s decanting and 
sieving method (modified) followed by Baermann’s 
funnel technique (Southey, 1986).
Statistical analyses
The experiment was conducted during two con-
secutive years. Since the year difference for meas-
ured variables was not significant (P≤0.05), the data 
were pooled. Observations taken from ten pots (five 
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pots/year) were averaged to calculate means. The 
data (ten replicates/treatment) of plant growth were 
analyzed by two factor analysis of variance (ANO-
VA), and least significant differences (LSDs) were 
calculated to identify significant effects of treatments 
at probability levels of P≤0.05, 0.01 and 0.001 using 
MINITAB 11.0 for Windows-XP. The data of soil 
nematode populations were also analyzed using sin-
gle factor ANOVA, and LSDs were calculated at the 
three probability levels. Percent variations over ex-
perimental controls were also calculated. The popu-
lation data are presented in graphical form (Figure 
1), and points have been indicated where standard 




Plants grown in nematode infested soil (1000 J2) 
were stunted and had chlorotic foliage, while their 
roots had nematode incited terminal galls. Applica-
tion of nematicides through all modes of treatment 
did not cause any visible toxicity symptoms on rice 
seedlings. However, their application influenced gall 
formation and egg mass development. Root-dip treat-
ments with carbofuran resulted in 10−12% decrease in 
number of galls and egg masses/root system (P≤0.05). 
Phorate application also significantly reduced the 
galling but to a lesser extent (7%; Table 1).
Soil application of the nematicides resulted in 
12.9−14.8% (for carbofuran) and 9−10% (for phorate) 
decreases in the numbers of galls and egg masses in 
comparison to controls. Soil application with car-
bosulfan and chlorpyriphos caused significant de-
creases in the numbers of egg masses/root system 
(P≤0.05, Table 1). The Root-dip followed by one soil 
application treatment of nematicides significantly 
suppressed galling and egg mass production. Level 
of significance, however, varied with the nemati-
cides. The decrease in the gall formation and egg 
mass production was 22.3−24.3% with carbofuran 
(P≤0.001), 16−18% with phorate (P≤0.01), 11−12% 
with chlorpyriphos (P≤0.05), and 10.7−12.5% with 
carbosulfan (P≤0.05), in comparison to the controls 
(Table 1).
Effects of two soil applications of nematicide 
werer more or less equal to the root-dip plus one 
soil application (Table 1). The treatments of one root-
dip followed by two soil applications of nematicides 
resulted in the greatest decrease in galling and egg 
mass production of M. graminicola (Table 1). These 
two parameters decreased by 29 and 31% with car-
Table 1. Mean numbers of Meloidogyne graminicola galls and egg masses on rice plants to which different nematicide treat-
ments were applied. RD, Root Dip; SA, Soil Application 15 days after transplanting; SSA, Second Soil Application 30 days 
after transplanting. Each value is mean of ten replicates.
Treatment
RD SA RD+SA SA + SSA RD + SA + SSA









Infested soil (IS) 58.6 43.2 58.6 43.2 58.6 43.2 58.6 43.2 58.6 43.2
IS + phorate 54.2a 39.5a 53.0a 38.8a 49.1b 35.4b 49.6b 36.3b 44.3c 31.8 c
IS + carbofuran 52.5a 38.0a 51.0b 36.8b 45.5b 32.7b 46.5 b 33.3c 41.4 c 29.7 c
IS + carbosulfan 56.60 40.9 55.5 40.0a 52.2a 37.8b 52.7a 37.9a 48.8 b 35.4 b
IS + chlorpyriphos 56.84 41.5 54.9 38.9a 52.0a 37.9a 52.6a 38.3a 48.6b 34.9 b
LSD  P≤0.05 2.45 2.06 2.32 2.02 2.14 2.09 2.22 2.10 2.48 2.08
         P≤0.01 3.58 3.00 3.38 2.94 3.12 3.04 3.23 3.06 3.60 3.03
         P≤0.001 5.36 4.50 5.10 4.41 4.67 4.56 4.85 4.59 5.41 4.54
F-value 10.11z 9.70z 12.40z 8.56z 11.23z 9.52z 9.94z 7.25z 10.58z 8.40z
a, b, c, z Values are significantly different from the respective controls at P≤0.05 a, P≤0.01 b, P≤0.001 c, z according to LSDs.
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bofuran and 24 and 26% with phorate, respectively, 
compared with the experimental controls (P≤0.001). 
Application of carbosulfan or chlorpyriphos reduced 
gall and egg mass production by 16−19% over the 
controls (P≤0.01; Table 1).
Effects on plant growth and biomass production of 
rice
Root-dip treatment with nematicides marginally 
suppressed the plant growth of rice plants,  but the 
plant parameters were not significantly different 
from the controls (non-infested soil, P≤0.05, Tables 2, 
3). However, in nematode infested soil, the root-dip 
treatments reduced the negative effect of M. gramini-
cola, leading to  increased shoot dry weight from car-
bofuran in comparison to the controls (P≤0.05, Table 
3). Single soil application of the nematicides did not 
promote the growth of rice in nematode infested soil 
over controls (P≤0.05; Tables 2 and 3).
The treatments of root-dip plus single soil appli-
cation promoted plant growth variables especially 
with carbofuran and phorate (P≤0.05). Application 
of carbosulfan or chlorpyriphos in nematode infest-
ed soil enhanced the shoot and root dry weights by 
7‒8% (P≤0.05, Table 3). Dry weights of shoots and 
roots were increased 7.8−9.0% with phorate treat-
ment. The root-dip treatments followed by two soil 
applications with carbofuran or phorate resulted, 
respectively, in 14−18% and 14−16% increases in 
plant growth variables in nematode infested soil in 
Table 2. Mean shoot and root lengths (cm) of rice plants grown in soil that was either infested or non-infested with Meloido-
gyne graminicola and to which different nematicide treatments were applied. RD, root dip; SA, soil application 15 days after 
transplanting; SSA, second soil application 30 days after transplanting. Each value is mean of ten replicates.
Treatment
RD SA RD+SA SA + SSA RD + SA + SSA
Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
Non-infested soil (NIS) 39.6 22.3 39.6 22.3 39.6 22.3 39.6 22.3 39.6 22.3
NIS + phorate 38.8 22.0 38.7 21.8 40.3 22.6 40.1 22.5 40.4 22.8
NIS + carbofuran 39.2 22.1 38.8 21.7 40.8 23.0 40.5 22.8 41.3 23.2
NIS + carbosulfan 38.9 21.9 38.5 21.5 40.3 22.5 39.87 22.41 40.2 22.6
NIS + chlorpyriphos 39.0 22.0 38.4 21.6 39.9 22.6 39.9 22.5 40.3 22.7
Infested soil (IS) 27.8c 16.7c 27.8c 16.7c 27.8c 16.7c 27.8c 16.7c 27.8c 16.7c
IS + phorate 28.4 17.0 28.3 17.2 30.0b 17.9b 28.6 17.2 31.9b 19.1 b
IS + carbofuran 29.5 17.6 29.5 17.6 30.6b 18.7b 30.6 a 18.1 a 32.2 b 19.3 b
IS + carbosulfan 27.8 16.8 27.9 16.9 28.0 16.9 28.1 16.9 29.8a 17.9 a
IS + chlorpyriphos 28.1 16.9 28.1 17.0 28.2 16.93 28.2 17.0 29.9 a 18.1a 
LSD  P≤0.05 1.77 1.02 1.98 1.05 1.52 1.08 1.87 0.95 2.06 0.83
         P≤0.01 2.43 1.39 2.72 1.44 2.09 1.48 2.56 1.30 2.83 1.13
         P≤0.001 3.30 1.90 3.70 1.96 2.84 2.02 3.50 1.77 3.85 1.53
F-value
Nematicides (df = 4) 11.04 z 8.56 z 7.65 z 9.23 z 10.4 z 7.59 z 6.32 z 5.65 z 5.13 z 11.5 z
Nematode (df = 1) 854z 566 z 753 z 498 z 803 z 545 z 654 z 742 z 512 z 660 z
Interaction (df = 4) NS 3.75 x 3.23 x 2.98 x 3.12 x NS NS NS NS 3.70 x
a, b, c Values are significantly different from the respective controls at P≤0.05 a, P≤0.01 b, P≤0.001 c according to LSD. 
x, y, z F-values followed by x (P≤0.05), y (P≤0.01) and z (P≤0.001) are significant otherwise not significant (NS) at P≤0.05.Table 3. Mean shoot 
and root dry weights (g) of rice plants grown in soil that was either infested or non-infested with Meloidogyne graminicola and to which 
different nematicide treatments were applied.
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comparison to the controls (P≤0.01; Tables 2 and 3). 
Treatments with carbosulfan and chlorpyriphos also 
significantly (P≤0.05) promoted plant growth.
Soil populations of Meloidogyne graminicola
Soil population density of M. graminicola J2 grad-
ually increased to more than four times the initial in-
oculum density (1000 J2) by 3 months. At 4 months, 
the population density was less than at 3 months, 
but did not differ significantly at P≤0.05 (Figure 1). 
The population density in pots treated with differ-
ent nematicides increased more slowly than in the 
untreated pots (Figure 1). The root-dip treatment 
with carbofuran gave 10−26% decrease in the soil 
population over the controls (P≤0.05−0.001; Figure 
1). Phorate was next most effective chemical for 
suppressing the population, causing 8.2−19.7% de-
creases in nematode population compared to the 
controls (P≤0.001). The decreases in populations 
from soil application of nematicides was more or 
less similar to the root-dip treatment. The treatment 
of root-dip plus one soil application at 15 days af-
ter transplanting caused drastic decline in the soil 
populations in comparison to respective controls 
(Figure 1). The greatest decrease in nematode pop-
ulation was recorded with carbofuran (35−58% re-
duction compared with controls;(P≤0.001), followed 
by phorate (27−53%), chlorpyriphos (24−50%), and 
carbosulfan (22−46%).  The effect of carbofuran was 
greater (P≤0.05) than other nematicides used (Figure 
1). Two soil applications at 15 and 30 days interval 
also suppressed the nematode populations but the 
effect was less than root-dip plus one soil applica-
Table 3. Mean shoot and root dry weights (g) of rice plants grown in soil that was either infested or non-infested with Me-
loidogyne graminicola and to which different nematicide treatments were applied. RD, root dip; SA, soil application 15 days 
after transplanting; SSA, second soil application 30 days after transplanting. Each value is mean of ten replicates. 
Treatment
RD SA RD+SA SA + SSA RD + SA + SSA
Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
Non-infested soil (NIS) 1.6 1.9 1.6 1.9 1.6 1.9 1.6 1.9 1.6 1.9
NIS + phorate 1.56 1.87 1.56 1.87 1.64 1.95 1.61 1.92 1.64 1.93
NIS + carbofuran 1.58 1.89 1.57 1.88 1.68 1.97 1.65 1.95 1.67 1.98
NIS + carbosulfan 1.57 1.85 1.55 1.87 1.62 1.92 1.61 1.91 1.62 1.92
NIS + chlorpyriphos 1.56 1.86 1.54 1.86 1.63 1.93 1.61 1.91 1.62 1.92
Infested soil (IS) 1.10c 1.3c 1.10c 1.3c 1.10c 1.3c 1.10c 1.3c 1.10c 1.3c
IS + phorate 1.13 1.35 1.14 1.35 1.21 a 1.42 a 1.19 a 1.42 a 1.27 b 1.50 b
IS + carbofuran 1.18a 1.4a 1.16 1.38 1.23a 1.45a 1.22 a 1.44 a 1.30 b 1.52 b
IS + carbosulfan 1.11 1.32 1.12 1.32 1.19a 1.4a 1.12 1.40* 1.20 a 1.40 a
IS + chlorpyriphos 1.12 1.33 1.12 1.33 1.18a 1.41a 1.13 1.41* 1.19 a 1.42 a
LSD  P≤0.05 0.17 0.12 0. 15 0. 15 0.20 0.13 0.16 0.12 0.18 0.13
         P≤0.01 0.23 0.16 0.21 0.21 0.27 0.18 0.22 0.16 0.22 0.18
         P≤0.001 0.31 0.22 0.28 0.28 0.37 0.24 0.30 0.22 0.33 0.24
F-value
Nematicides (df=4) 3.45 x 3.56 x 3.23 x 3.65 x 3.15 x 3.03 x 3.32 x 3.62 x 3.56 x 3.13 x
Nematode (df=1) 246 z 253 z 308 z 254 z 203 z 282 z 246 z 224 z 246 z 286 z
Interaction (df=4) NS NS 3.23 x NS NS 2.98 x 2.95 x 3.08 x 3.30 x 3.07 x
a, b, c Values are significantly different from the respective controls at P≤0.05 a, P≤0.01 b, P≤0.001 c according to LSD. 
x, y, z F-values followed by x (P≤0.05), y (P≤0.01) and z (P≤0.001) are significant otherwise not significant (NS) at P≤0.05.
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tion (P≤0.01). In this treatment, application of car-
bofuran and phorate caused 22−42% and 15−36% 
decreases in the populations, respectively, over the 
controls. Next in effectiveness were chlorpyriphos 
and carbosulfan, which decreased the populations 
by 13−33% and 10−30% (P≤0.001). Treatments of 
root-dip and two soil applications of nematicides at 
15 and 30 days of transplanting caused maximum re-
duction in the nematode population (Figure 1). The 
reduction was greatest, respectively, with carbofuran 
(37.6−67.0%) followed by phorate (30.7−63.2%) over 
respective control populations (P≤0.001). Treatments 
with chlorpyriphos and carbosulfan decreased the 
nematode population by 26−60% and 24−57%. Over-
all nematode population in this set of treatments was 
similar to the root-dip treatment plus single soil ap-
plication of nematicides. However, the decrease in 
the population was 2−11% greater in root-dip plus 
two soil applications.
Discussion
Root-knot of rice is an emerging problem 
throughout the world (Khan and Jairajpuri, 2010). 
Due to the wide host range and adaptability to vary-
ing environments, M. graminicola is spreading rapid-
ly to regions where it was not known previously. In 
India, 20−30 years ago, M. graminicola was confined 
to a few southern states, but now it has spread to 
northern states such as Kashmir (Singh et al., 2007), 
Uttar Pradesh (Khan and Anwer, 2011) and Haryana, 
Himachal Pradesh, Punjab and Delhi (Dabur and 
Jain, 2005). The rice root-knot nematode has now 
become a major pest in irrigated rice in India, and 
causes high yield losses (Dabur and Jain, 2005; Singh 
et al., 2007; Prasad et al., 2010). 
Rice plants grown in soil infested with 1000 M. 
graminicola J2 kg-1 soil developed characteristic galls, 
i.e. terminal, hook shaped or spiral galls (Sheela et 
al., 2005). Approximately 58 galls and 43 egg masses 
were formed on roots of rice plants in control pots, 
Figure 1. Mean soil populations of Meloidogyne graminicola (J2 kg-1 soil) at 1, 2, 3, 4 (harvest) months after transplanting rice 
plants and different nematicide treatments. RD: Root Dip, SA: Soil Application 15 days after transplanting, SSA: Second 
Soil Application 30 days after transplanting. Error bars are showing standard error. Points marked by different letters are 
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indicating that cv. Sugandh-5 was highly susceptible 
to the nematode infestation. The plants grown in M. 
graminicola infested soil exhibited 20−31% reduction 
in plant growth and dry matter production over 4 
months. In light soils such as the sandy loam used 
in present experiment, M. graminicola causes greater 
damage and yield loss that may be up to 72% (Bridge 
and Page, 1982; Gaur and Pankaj, 2010; Khan and 
Anwer, 2011). 
In the present study, among the different nemati-
cides tested, carbofuran was found most effective 
in suppressing M. graminicola, followed by phorate, 
carbosulfan and chlorpyriphos. Other researchers 
have reported the effectiveness of carbofuran against 
rice root-knot nematode (Rahman 1991; Mohanty et 
al., 2000; Soriano and Reversat, 2003). Effectiveness 
of chemical pesticides depends largely on soil type. 
In light soils the chemicals percolated downwards 
quickly, giving lesser duration of contact of the ac-
tive ingredient with the nematodes and plant root 
systems. Hence, the mode of application of nemati-
cides may play an important role in light soils.
In the present study, the treatment comprising 
root-dip plus soil application of carbofuran at 15 
days of transplanting was almost equivalent to the 
treatment involving root-dip plus two soil applica-
tions. Root-dip treatment in the joint application 
might have provided initial protection to the young 
plants from nematode invasion. Carbofuran is a sys-
temic nematicide and is absorbed by plant roots, and 
its root-dip application has proved effective against 
large number of nematodes, especially endopara-
sites (Johnson, 1995; Prasad et al., 2006). In 15 days, 
seedlings become established in soil and lateral roots 
would have emerged, providing substrate for the 
nematode feeding. At this time soil application of 
carbofuran probably suppressed the nematode juve-
niles present in the root zones and attacking the fresh 
lateral roots. This application would have killed the 
majority of the nematode population present in the 
root zones. This could be the reason why the effects 
of root-dip plus one or two soil application were 
similar. The nematicide next in effectiveness was 
phorate, which is also efficacious and provides satis-
factory control of root-knot nematodes (Prasad et al., 
2010). However, phorate is largely a contact action 
nematicide, so root-dip treatment with this chemi-
cal did not result in absorption by roots in adequate 
amounts, and subsequently was less effective against 
M. graminicola than carbofuran.
The study has revealed that root-dip plus one soil 
application at 15 days with carbofuran can satisfac-
torly control the rice root-knot nematode. The appli-
cation of the nematicide to soil should be done when 
fields are wet (2−3 days after irrigation), so the ne-
maticides does not percolate to deep soil layers but 
persist in the root zones of plants, where the nema-
tode juveniles aggregate and feed.
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